Six cerium(III) nitrate complexes with variously substituted 2,6-diphenylpiperidin-4-one thiosemicarbazones have been prepared and characterized by elemental analyses, molecular weight determinations, molar conductance, IR, magnetic, cyclic voltammetric and thermal studies. Generally, cerium(III) may be easily converted to cerium(IV). In order to ascertain the oxidation state of the cerium in the prepared complexes, the cyclic voltammetric studies have been carried out. It has been observed that increase of potential produces an anodic peak in both the complexes. This indicates that the complexes are getting oxidized which consequently means that they were in the reduced form initially. Thus it is confirmed that cerium is present in +3 oxidation state in its complexes. This is further supported by the studies on concentration effect and sweep rate. Based on the above observations, 10-coordinated structure has been proposed for the complexes.
Introduction
The fields of coordination chemistry have attracted increasing interest in recent years not only from a structural point of view, but also owing to their potential applications in catalysis, medicine, sorption, electrical conductivity, magnetism and photochemistry. The coordination chemistry of nitrogen-sulphur donor chelating agents has mainly been studied with transition metals [1] - [7] . During the last decade, groupIV transition metal chemistry has made a major contribution in providing effective complexes for novel metal assisted organic transformations [8] , [9] . Recently it has been reported that the metal complexes of ligands possess a wide variety of biological activities [10] . Cerium(IV) has been used as an oxidizing agent and an analytical reagent, especially in acid media [11] - [15] . The cocrystallization of Ce 2 (SO 4 ) 3 and La 2 (SO 4 ) 3 in aqueous and H 2 SO 4 (150 g/dm 3 ) solutions at 25°C and 64°C is studied [16] . Thiosemicarbazones have received more attention as they possess a wide spectrum of medicinal properties [17] - [21] including activity against bacterial, tuberculosis, leprosy , viral infections, psoriasis, rheumatism, trypanosomiasis, coccidiosis and malaria. In most of the complexes studied, thiosemicarbazone function coordinates to the metal ion in the cis configuration as a bidentate ligand bonding through thione/thiol sulphur atom and the imino nitrogen atom in a bidentate manner, resulting in the formation of a five membered chelate ring. In recent years, thiosemicarbazones have been used as analytical reagents for the determinations of metal ions [22] - [32] using different physico-chemical techniques. An excellent review [33] is available in the literature which deals with the analytical potentialities of thiosemicarbazones.
Experimental

Materials and Methods
Six cerium(III) nitrate complexes with variously substituted 2,6-diphenylpiperidin-4-one thiosemicarbazones have been prepared. Table 2 . Piperidin-4-ones used for ligand preparation
Preparation of the Ligands
The 2,6-diphenylpiperidin-4-one thiosemicarbazones( L 1 )-(L 6 ) were prepared from the corresponding piperidin-4-ones(P 1 )-(P 6 ). Thiosemicarbazide dissolved in hot methanol was added to a solution of r-2,c-6-diphenylpiperidin-4-one(P 1 ) in the same solvent. A few drops of concentrated hydrochloric acid was added and the reaction mixture was refluxed for 4 h and cooled. The product formed was filtered off and washed with hot methanol. Crystallisation of the product from methanol gave 2,6-diphenylpiperidin-4-one thiosemicarbazones.
Preparation of Metal Complexes
A mixture of metal salt in ethanol was added to a solution of 2,6-diphenylpiperidin-4-one thiosemicarbazones in ethanol and refluxed. The solvent was then distilled off under reduced pressure. The residue was repeatedly washed with hot ethanol and ether to remove the unreacted metal salt and the ligand. The product was dried.
Metal salt used
Complexes Respective Ligands used Table 3 . Preparation of metal complexes
These complexes are non-hygroscopic dark green solid and are stable in air. They are soluble in DMSO, DMF and acetonitrile and insoluble in water and ether.
Results and Discussion
Cyclic Voltammetric Studies
Cyclic voltammetry is the most widely used technique for acquiring qualitative information about electrochemical reactions. The characteristic shapes of the voltammetric wave and their unequivocal position on the potential scale virtually finger print the individual electrochemical properties of the redox systems and for this reason the method has been labelled electrochemical spectroscopy. The power of cyclic voltammetry results from its ability to rapidly provide considerable information on the thermodynamics of redox processes and the kinetics of heterogeneous electron-transfer reactions and on coupled chemical reactions or adsorption processes. Cyclic voltammetry is often the first experiment performed in an electroanalytical study. In particular, it offers a rapid location of redox potentials of the electroactive species and convenient evaluation of the effect of media upon the redox process. In the cyclic voltammetric experiment, a potentiostat together with three electrode cells are used. In this arrangement, the current passes between the working electrodes and the counter electrode. The potential of the working electrode is measured relative to a separate reference electrode.
The voltammogram is a display of current versus potential obtained by measuring the current at the working electrode during the potential scan. In CV, if the electron transfer process of a redox system is fast compared to the other processes like diffusion, the reaction is said to be electrochemically reversible. Modern instruments have the flexibility of the wide choice of switching potentials at different scan rates. A variation in scan rate can lead to additional information. Thus in cyclic voltammetry, the fate of the electrode species produced in the forward scan is probed in the backward scan which helps to find whether the equilibrium is reversible, quasi reversible or irreversible. The cyclic voltammetric methods have been used for numerous basic studies of electrochemical systems.
In the present investigation, cerium(III) nitrate complexes (Ce 1 )-(Ce 6 ) have been prepared using cerium(III)nitrate. Generally, cerium(III) may be easily converted to cerium(IV). So inorder to ascertain the oxidation state of the cerium in the prepared complexes (Ce 1 )-(Ce 6 ), the cyclic voltammetric studies have been carried out. These studies were done by using BAS IM6 Potentiostat, using TBATFB (tetrabutyl ammonium tetraflouroborate) as supporting electrolyte and acetonitrile as the solvent. The cathode is glassy carbon (working electrode), which identifies the oxidation state of the compound and anode is platinum foil (counter electrode) that measures the current. Ag / Ag + is the reference electrode to measure the potential variation. The studies were carried out for the complexes (Ce 1 ) and (Ce 6 ) in 5 mM and 10 mM solutions at room temperature. It has been observed that increase of potential produces an anodic peak in both the complexes. This indicates that the complexes are getting oxidized which consequently means that they were in the reduced form initially. Thus it is confirmed that cerium is present in +3 oxidation state in its complexes (Ce 1 ) and (Ce 6 ). This is further supported by the studies on concentration effect and sweep rate. 
Conclusions
Cyclic voltammetric studies reveal that the cerium ion in the complexes is in Ce 3+ state. All the experimental observations lead to the formulation of 10-coordinated structure ( Figure 5 ) for these complexes. ).
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